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INTRODUCTION 


In  September  1975,  an  analysis  was  conducted  on  a 
damaged  152mm  firing  probe  (Figure  1).  The  probe  was  manu¬ 
factured  from  416  stainless  steel  and  exhibited  a  considerable 
amount  of  pitting  damage  on  its  surface.  Albeit  stainless 
steels  generally  exhibit  good  corrosion  resistance,  pitting 
is  a  form  considered  intermediate  between  general  cor¬ 
rosion  and  complete  immunity.*  Stainless  steels  (especially 
grades  containing  sulphur  e.g.,  416)  while  displaying 
relatively  good  resistance  to  general  surface  corrosion  are 
particularly  susceptible  to  pitting  attack. 

At  this  point,  an  investigation  was  undertaken  into 
protective  coatings  as  a  possible  measure  to  inhibit  the 
pitting  attack  upon  the  416  stainless  steel  firing  probes. 

It  is  important  to  understand,  however,  that  corrosion 
is  a  chemical  rea^^ion  whose  occurrence  and  rate  are  depen¬ 
dent  upon  a  complex  interaction  of  material  and  environmental 
variables  such  as  alloying  elements,  surface  finish,  cor¬ 
rosive  medium  and  concentration,  temperature,  time,  pH, 
pressure,  etc.  Consequently,  it  is  venturesome  to  attempt 
laboratory  duplication  of  the  corrosive  conditions  found 
in  the  field.  Therefore,  the  actual  service  conditions  rc- 


*N.D.  Greene  and  M.G.  Fontana,  Corrosion  Engineering,  McGraw- 
Hill,  New  York,  1967,  p.50. 


sponsible  for  the  corrosive  attack  on  the  firing  probes 
were  not  duplicated,  but,  instead,  a  typical  pitting  cor¬ 
rosion  environment  was  created  where  the  primary  variable 
was  the  protective  coating. 

PROCEDURE 

The  following  protective  coatings  were  evaluated  on  416 
stainless  steel: 

Electroplated  lead 
Electroplated  chromium 
Electroplated  nickel 
Sandstrom  9A  Dry  Film  Lubricant 

Sandstrom  9A  Dry  Film  Lubricant  +  Fe-phosphate  undercoat 
Sandstrom  26A  Dry  Film  Lubricant 

Sandstrom  26A  Dry  Film  Lubricant  +  Fe-phosphate  undercoat 
In  addition,  416  stainless  as -finish  machined  (.present 
condition  of  firing  probe)  was  tested  for  a  control  sit¬ 
uation.  Actual  testing  consisted  of  immersing  the  test 
specimens  (Figure  2)  into  a  10%  solution  of  ferric  Chloride 
(FeCl^)  at  room  temperature;  10%  FeCl3  is  an  extremely 
aggressive  pitting  environment  for  stainless  steels  and  was 
selected  in  order  to  accelerate  the  tests. 2 

2-H.  Ulig,  Corrosion  and  Corrosion  Control,  John  Wiley  and 
Sons ,  1963,  p.272. 


Corrosion  test  specimen 


1 .  3X 
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Test  specimens  were  machined  from  416  stainless  and 
finished  to  2"  x  3"  x  1/8"  thick  plates.  The  surfaces  were 
prepared  by  grinding  with  120  grit  abrasive  followed  by 
ultrasonic  cleaning  in  acetone.  They  were  passivated  in  a 
nitric  acid-water  bath  (1:1)  for  two  hours  at  room  temper¬ 
ature.  Following  passivation,  the  specimen  thickness  was 
measured  with  a  micromete  Test  specimens  to  be  plated 
were  then  degreased  ele ctr o  ly t i ca 1 1 y  in  a  cleaning  solution 
(KOH)  ,  plated  and  then  measured  again  to  determine  the 
plate's  thickness.  All  plating  was  done  using  two  electrodes 
(anodes)  an  equal  distance  away  from  each  side  of  the  speci¬ 
men  (cathode)  to  assure  a  uniform  buildup  of  plate  on  each 
side  of  the  specimen  (plating  solution,  voltage,  current 
and  time  arc  given  in  Table  I).  The  lead  and  chromium 
plating  required  a  reverse  etch  before  plating.  The  9A 
dry  film  lubricant  and  iron  phosphate  coatings  were  applied 
by  dipping,  while  the  26A  was  sprayed  on.  The  9A  was  cured 
at  400°F  for  one  hour  while  the  26A  required  only  overnight 
air  drying.  In  the  same  manner  as  the  plated  specimens,  the 
coated  specimens  were  dimensionally  checked  before  and  after 
application  of  the  dry  film  lubricants  to  determine  the 
coating  thickness. 
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The  specimens  were  suspended  vertically  in  the  10%  FcCl^ 
solution  and  were  exposed  for  25  hour  time  periods.  At  the 


end  of  each  period,  the  specimens  were  removed  and  flushed 
with  water  followed  by  cleaning  with  alcohol  to  remove  sur¬ 
face  residue.  Specimens  were  examined  visually  under  low 
magnification  (7X-35X)  for  evidence  of  corrosion  or  dis¬ 
parities  in  the  plate/coating  such  as  pits,  blisters,  cracking, 
or  peeling.  The  solution  was  replaced  with  a  fresh  one  and 
the  specimens  were  immersed  again  for  another  25  hour  period. 
Peeling,  cracking,  pitting  or  any  other  evidence  of  an  ex¬ 
tensive  breakdown  in  the  protective  coating  was  cause  for 
discontinuing  the  test. 

RESULTS  AND  DISCUSSION 

The  results  of  the  testing  are  summarized  in  Table  T 
and  displayed  iil  Figure  3,  The  416  stainless  steel  speci¬ 
men  (uncoated)  was  attacked  immediately  and  suffered  extensive 
pitting  damage.  The  surface  condition  of  the  sample  before 
and  after  testing  plus  a  profile  through  the  pitting  is  shown 
in  Figure  4.  The  chrome  and  nickel  electroplates  offered 
relatively  little  resistance  (25  hrs)  to  the  attack  of  the 
FeClj.  Once  the  solution  penetrated  the  coatings  via 
cracks,  surface  disparities,  etc.,  the  416  stainless  under¬ 
neath  was  attacked  along  the  interface  between  the  base 
metal  and  the  coating.  This  kind  of  attack  was  extensive 
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FIGU'.'-  GRAPHICAL  SUMMARY  OF  CORROSION  PROTECTION 


in  the  Cr  plated  specimen  as  the  entire  Cr  plate  flaked  and 
peeled  off  during  cleaning.  The  nickel  plate,  which  was 
not  cleaned  upon  removing  from  solution, fl aked  in  the  same 
manner  '  (F igure  5).  Lead  displayed  a  greater  resistance  to 
the  FeCl3  solution  but  eventually  showed  some  signs  of  attack 
after  225  hours.  In  comparison  with  the  other  metallic 
coatings,  the  lead  plate  also  exhibited  greater  resistance 
to  undercutting  at  the  interface  (base  metal/plating).  It 
should  be  noted,  however,  that  leal  plate  is  relatively 
soft  and  ductile  thereb)  offering  very  little  abrasion  re¬ 
sistance  . 

On  the  other  hand,  the  dry  film  lubricants  held  up  much 
better  than  the  Ni  or  Cr  plate.  The  26A  (air  dry)  provided 
adequate  corrosion  protection  up  to  approximately  150  hours 
while  the  9A  (high  temperature  cure)  was  stopped  at  250 
hours  with  very  little  evidence  of  attack  (Figure  0)  .  These 
low  friction  coatings  may  be  easily  applied  by  dipping  or 
spraying  once  the  metal  surface  has  been  properly  prepared. 
Although  26A  requires  only  air  drying,  it  does  not  have  the 
wear  resistant  properties  of  the  heat-curing  9A.  The  maximum 
operating  temperatures  for  the  9A  and  26A  are  500°F  and  300°F 
respectively.  These  maximum  operating  temperatures  easily 
exceed  the  15?.mm  firing  probe  service  temperature  (reportedly 
1 50  0 F  )  . 
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Figure  5.  Niikel  plave  after  25  hours 
in  10%  FeClj 


Figure  6.  9A  Dry  Film- Iron  Phosphate  after 
250  hours  m  10%  FeClj 
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Two  test  specimens  (26A,  9A)  were  treated  with  an  iron 
phosphate  undercoating,  as  this  thin  coating  is  an  excellent 
base  (primer)  for  paint  and  other  ceramic  coatings.  This 
undercoating  provided  no  additional  resistance  when  26A 
was  applied  over  it.  However,  the  9A  iron  phosphate  under¬ 
coat  test  specimen  displayed  slightly  greater  corrosion  re¬ 
sistance  than  the  untrerted  9A  specimen. 

SUMMARY 

The  results  of  this  experiment  demonstrate  that  the 
dry  film  lubricants,  especially  Sandstrom  3A  applied  ever 
iron  phosphate,  provided  better  pitting  corrosion  protection 
than  the  electroplated  coatings.  Although  this  conclusion 
is  heavily  influenced  by  the  experimental  conditions ,  the 
fact  that  it  was  an  accelerated  test  utilizing  an  unusually 
aggresive  medium,  provides  a  measure  of  confidence  that  the 
9A  dry  film  (with  the  iron  phosphate  undercoating)  will 
adequately  protect  the  firing  probe  against  pitting  corrosion 
in  service.  As  a  result  of  this  investigation,  9A  dry  film 
currently  is  being  applied  to  152mm  firing  probes  with  no 
reported  failures  to  date  (Figure  7). 
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ATTN:  SARRI-ENM  (MAT  SCI  DIV) 

ROCK  ISLAND,  IL  61202 

COMMANDER 

HQ,  US  ARMY  AVN  SCH 

ATTN  i  OFC  OF  THE  LIBRARIAN  1 

FT  RUCKER,  ALABAMA  36362 

COMMANDER 

US  ARMT  F®  SCIENCE  &  TECH  CEN 
ATTN;  BRXST—SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 

COMMANDER 

US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER 

ATTN:  TECH  U3  -DRXMR-FL  2 

WATERTOWN,  MASS  02172 


NOTE*  PLEASE  NOTIFY  COMMANDER,  ARRADCOM,  ATTN*  EENET  WEAPONS  LABORATORY, 
DRDARi-LCB-TL,  WATBRVLIET  ARSENAL,  WATERVLIET,  N.Y.  12139,  UF  ANY 
REQUIRED  CHANCES. 
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COPIES 


COMMANDER 

DIRECTOR,  BENET  WEAPONS  LABORATORY 

CHIEF,  DEVELOPMENT  INC INHERING  RRANCH 
ATTN:  IjRDAR-  LCB-DA 
-DM 
•DP 
-PR 
-DS 
-DC 

CHIEF,  ENGINEERING  SUPPORT  BRANCH 

CHIEF,  RESEARCH  BRANCH 
ATTN:  DRDAR-LCB-RA 
-RC 
-RM 
-RP 

TECHNICAL  LIBRARY 

TECHNICAL  PUBLICATIONS  $  EDITING  UNIT 
DIRECTOR,  OPERATIONS  DIRECTORATE 
DIRECTOR,  PROCUREMENT  DIRECTORATE 
DIRECTOR,  PRODUCT  ASSURANCE  DIRECTORATE 
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NOTE:  PLEASE  NOTIFY  DIRECTOR,  BENET  WEAPONS  LABORATORY,  ATTN: 
DRDAR-LCB-TL,  OF  ANY  REQUIRED  CHANGES, 


